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Children with diarrhea presenfing 1o 2 Government Reh: 2ration Center in Aswan, Egypt,
were investigated to determine the eticlogy and clisical presentation of acute childhood
diarthez in synthern Egypt- Among 126 outpatients and 235 inpatiests with diarrhea (mean
age 18 montts]}, enterotoxigenic Escherichia coli (ETEC) (17 % of cases), Crsptosporidium
(9 %), Salmemzila spp. (7 %), Campyiobacter jejuni’coli (7 55), and Shigelta spp. (5 %) were
the most common enterogathogens identified doering the high incidence season of July.
Enteropatiizgens were isotated as often from inpatients as outpatients, except for Salmonelia
spp. and Cryptosporidium, which were recovered more often from inpatients. Saimonelia-
infected children, in particnlar, were more ill, feverish, and dehydrated on presentation thzn
olber children, reselting in more frequent hospitalizzlion. Excep: for Salmcnella-infected
cnildren, children with acute diarrhea usuzlly presenied without severe dehydration, which
may have been due to frequent initiation of oral rehydration therapy (ORT) ty mothers
trained by local health care providers. A potential environmental source of ETEC was
identified in clay water storage containers commonly used in this area.

K. C. Hyams, MD, Naval Medical Research Institute MS 32, Epidemiology Division, Bethesda,
MD 20814-5055, USA. Reprint requests: Research Publication Division, NAMRU-3, FPO, New
York 09527, USA

INTRODUCTICN

Diarrheal disease is 2 major public health problem in most developing countries, especially
in children (1. 2). In Egypt, enterotoxigenic Escherichia coli (ETEC), Salmonella spp.,
Shigella spp., and rotavirus have been found to be major causes of diarrhea (3, 4). In an
effort to control diarrheal disease in children, the Egyptian Government has instituted an
extensive oral rehydration program involving public education and training by local health
care providers, television advertisements, and newspaper stories. The purpose of the
present study was to investigate the etiology and clinical presentation of acute diarrhea in
children in scuithern Egypt.

MATERIALS AND METHODS

During a 3 weck periou in July 1986, children with diarrhea presenting to the Government Rehydra-
tion Center in the Aswan General Hospital were investigated. The center is a primary care facility for
the city of Aswan and sees few patients referred from other clinics. Most patients are from a low
socioeconomic background, and in this population. children are usually breast-fed until approximately
1 year of age. July was chosen for the study because the hot summer months are considered the high
incidence season for diasrhea in this area with a dry desert climate.

Children were eligible for inciusion i the study if 5 years of age or less and if presenting with the
complaint of at least 4 unformed stools during the previous 24 h. Children who had received antibiotic
therapy were not excluded from the study. Children requiring hospitalization from the rehydration
center were considered inpatients; all other children not requiring hospitalization were classified as
outpatients. Children <5 years without diarrhea or other gastrointestinal complaints presenting for
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medical czre 21 22 outpetiznt pediztric ciEnic in the sare hospital were eligibvle for intlusion ia the
sindy 2s conizols.

Afrer infosmed consent was obizined from 2 perent. 2 stool szmple was collecied 2nd 2n epidesiio-
Jogic auestionmzine was compicted on cach patient. The guestionnszire was Luainistered to the pereat.,
pseally the mother, i Arzbic by 2n Egypliza pediztriciza who zlso evaluzied ibe petient clinically.
Sto0l crfurres were transposied 1o the microtiology l2doraiory 2nd celired within 1 h of collection.

Pziient 2nd conirol sto0] specimens vere culivred directly onto MacConkey's (MAC), Salmonella-
Shigellz (SS), Heckioea (HK), ihiosulizte-citrate-bile salts-sucrose (TCBS) zg253, 20d into sekeaite F
earnichment broih. Seleniie broth was subcuhiozed oato MAC, BEK 2nd §S 2gzrs zfter ovemizint
incobetion (35°C). All pleies were examined for Salmonella spp., Stigellz spp.. Acromonas hydio-
phila, Plesiomonas shizgelloides, and Vibrio spp., using standard microbiologic methods, the API 20E
system (Anclvizd Products, Plainview, NY, USA), and commercizal aniisera when 1adicaied (Difco.
Deitroii, MI, USA) (5). For the deteciion of Campviobecier jejunifcoli, stcols were culiured oa
Blzser's selective medinm, which was incubated 21 42°C for 48 h under microzerophitic coaditioas (6).
All bacterial pathogens were evzluaied for their antimicrobial susceptibility pattems by the Bauer-
Kizby method (7).

For the deteciion of EI’EC 5 lactose positive colonies with-typical E. coli mosphology were
selected from MAC plaies 2nd maintained on individual nutrient agar stabs. The preseace of heat-
Izbile enterotoxin (LT) was determined by the Y-1 adrenal cell assay (8). Heat-stable enterotoxin (ST)
wzs determined by the suckling mice assay (9). ETEC were identified by the production of either LT
or ST. For the detection of eateroinvasive E. coli (EIEC), the standard Sereay test was emploved, but
to diminish iic number of guinea pigs required, all E. coli strains were screened for lysine decarboxyl-
ase activity and motility and oaly those strainc which were negative for boih were evaluated (10).
Giardia lamblia 2nd Entaraoeba histolytica were screened for by the merthiolate-iodine-formalde-
hyde-concentsation (MIFC) method (11). Oocysts of Cryptosporidium were identified by microscopic
examination of stool smears stained by 2 modified acid-fast method (5). Rotavirus was detected by
epzyme immunoassay (Roiazyme, Abboii Laboratories, Norih Chicago, Iii., USA).

Environmental samples of clay pots, *“Zeirs,”” used to store water in Aswan were made by dipping a
sterile cup into the top of each Zeir in 2 manner similar to the usual method of obtaining drinking
water. 100 m! of water obtained from each Zeir was filtered through a 0.45 micron filter, which was
then cultured on M-Endo agar. Typical coliform growth was subcultured to MAC agar for identifica-

Table 1. Comparison of enteric pathogens isolated from outpatients and inpatients

Qutpatients Inpatients
Total
Posit.ve Positive positive
No.  SS— No.
Enteropathogen tested No. % tested No. % No. %
Shigella spp. 126 8 6.3 25 0 8 53
Salmonella spp.® 126 2 1.6 25 9 36.0 1n 173
Campylobacter 126 8 6.3 25 2 8.0 10 6.6
ETEC®
Both ST and LT positive 114 2 1.8 21 0 2 15
LT positive alone 114 5 44 21 2 9.5 7 352
ST positive alonz 114 14 12.3 21 0 14 104
EIEC 21 0 6 0 0
A. hydrophila 126 1 0.8 25 0 1 0.7
Rotavirus® 123 26 21.1 25 1 4.0 27 182
G. lamblia“ 122 35 285 25 7 28.0 42 284
E. histolytica 123 i 0.8 25 0 1 07
Cryptosporidium® 126 6 4.8 25 7 28.0 I3 8.6

? p<0.001, outpatients vs. inpatients, Fisher’s exact test.

b E. coli could not be isolated from all stool specimens.
p<0 05, outpatients vs. inpatients, Fisher's exact test.
4 Insufficient stool was available for complete testing for rotavirus, Giardia, and E. histolytica.
¢ p<0.01, outpatients vs. inpatients, chi-square test.
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tioo 2nd selection of E. coli. E. coli colonies were processed for beei-bebile and heat-siable-toxins
using (b2 same technigues descrited for sioo] anzlysis.

Stzfictical 2nzlyses were dooe using the chi-square test with Yzies™ cosrectios or Fishar's exact test
in tzot for éifferences beiween proportions. Compariseas-of mezn velues weie done using the
Stasdent’s 7fest or Wilcoxon rank sum test. Probeabikities of <0.03 wers considered statistically
siznificant.

S
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RESULTS

There were 126 outpatients and 25 inpatients entered into the study (mean age 17.7
months: range. 1-60 months). 64% of the patients were male and 36% were female.
Approximately one-fourth of the parents with children eligible for the study were willing to
give consent and wzit long enough for their child to provide stool specimen. Children had
complained of diarrhea for,an average of 3.5 days prior to being seen and kad an average of
5.7 stools during the previous 24 h. Antibiotics had been received by 17.2% of patients
with diarthea.

ETEC was the most commonly isclated bacterial pathogen (Table I). LT andlor ST
producing strains were found in 17 % of stools from children wiih diarthea. Other common
bacterial pathogens included Salmonelia spp. (1 S. typhi. 10 S. typhimurium). found in 7%
of stools; C. jejuni/coli, also found in 7% of stool specimens; and Shigella spp. (3 S.
dysenteriae, 4 S. flexnerd, 1 S. boydii), found in 3% of sioois. A. hydrophila was isolated
in just 1 patient with diarrhea, and EIEC was not isolated from any study subject.

Bacterial enteropathogens were identified in 31.8% of 151 diarrheal stools. Mixed
infections were found in 5 patients. Campylobacter plus Saimonelia and Salmonella plus
ETEC was isolated in 2 inpatients. In 3 outpatients. Campylobacter plus ETEC was

Table II. Clinical characteristics for the major enieropathogens isolated from 151 patients with

diarrhea
ORT=Oral rehydration therapy

Enteropathogen
Salmo- Campylo- Crypto- Rota-
nella Shigella  bacter ETEC sporidium Giardia  virus
Characteristic (n=11) (n=8) (n=10) (n=23) (n=13) (n=42) (n=27)
Age in months (mean) 233 313 14.0 13.5 10.6 20.4 14.8
Duration of symptoms
in days (mean) 5.0 23 3.5 4.0 4.1 3.5 2.6
No. stools/24 h (mean) 5.4 6.3 5.6 5.2 7.2 5.2 5.9
Symptoms (% with
complaint)
Mucus in stools 63.6 37.5 60.0 17.4 30.7 38.1 259
Blood in stools 27.3 25.0 20.0 8.7 15.4 7.1 7.4
Abdominal pain 54.6 100.0 100.0 78.3 539 73.8 81.5
Fever 90.9 87.5 80.0 56.5 84.6 57.1 63.0
Vomiting 54.6 62.5 50.0 43.5 69.2 50.0 63.0
Severe dehydration
(>10%) 90.9 0 10.0 8.7 7.7 2.4 0
Therapy prior to admission
Antibiotics (% treated) 45.5 37.5 30.0 8.7 46.2 11.9 14.8

ORT (% treated) 63.6 25.0 30.0 217 46.2 16.7
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isolated twice. 2nd Campylobacter p:is Shigella was found once. Campyiobacter was thus
involved in 4/5 mixed bacierial infections.

Bacterial pathozens were isolated as often from inpatients as outpaiients. except for
Salmonella spp.. which was recovered significantly more often from inpatients than
outpatients (36.0% vs. 1.6%, +-<0.01) (Table I). Salmonella-infected children were more
feverish, clinically ill. and dehydrated on presentation ihan other children, which resulted
in more frequent hospitalization. More than 90% of salmonella-infected children were
found to be severely dehvdrated (>109%), a rare finding in other children presenting with
diarthea (Table II). Also, complaints of blood and mucus in stools were more often
associated with salmonella infection compared to other enteropathogens. Salmonella- and
shigella-infected children tended to be clder (mean age 26.6 months) than other children
with acute diarrhea (mean age 16.5 monihs).

Nearly all salmonella strains were resistant to antibiotics commonly used 10 treat
diarrhea in this area, including tetracycline, trimethoprim-sulfamethoxazole. and ampicil-
lin. In addition to multiple resistance found in Salmonella spp., significant resistance was
observed in other bacierial isolates. including one campylobacter isclate which was
resistant to erythromycin (Table IIT).

Oocysts of Crvptosporidium were found in the stools of 6 outpatients and 7 inpatients
(Table I). Patients infected with Cryptosporidium tended to.be slightly more il and to have
had a Jarger number of stools than other patients, which was reflected in a hLigher
percentage of inpatients than outpatients with cryptosporidiosis (Table 11). Cryptospori-
dium tended to be associated with the concurrent isolation of Campylobacter: in 2
outpatients and 2 inpatients Cryptosporidium was simultaneously identified with Campylo-
bacter. Whether the family of the patient raised animals or kept animals at there homes
was not associated with Cryptosporidium, Campylobacter, or any other enteropathogens
isolated in this study.

All bacterial pathogens were isolated more frequently from patients than from controls.
33 bacterial pathogens were isolated from 151 diarrheal stools, compared to 2 pathogens (1
S. typhimurium and 1 Campylobacter) isolated from 28 control stools. Also, Cryptospori-
dium was not identified in any cortrols, and trophozoites of E. histolytica were found in
only 1 outpatient with diarrhea. In contrast, retavirus and G. lamblia were identified as
frequently in stoois from patients with diarrhea as from controls. Rotavirus was found in
18.2% of 148 diarrheal stools and in 14.8% of 27 controi stools, and Giardia was found in
28.4% of 148 diarrheal stools and in 32.1% of 28 controi stools. Direct comparison
between patients and controls was not possible, however, because control patients with-

Table III. Resistance patterns of the most commonly isoluied enteric pathogens

ND = noi done

No. of resistant strains/no. examineu (%)

Isolate Ampicillin Tetracycline  Chloramphenicol Trimethoprim/sulfa
Sa'moncila spp.? 10/11 (90.9) 10/11 (90.9) 10/11 (90.9) 10/11 (90.9)
Shigella spp. 3/8 (37.5) 3/8 (37.5) 3/8 (37.5) 178 (12.5)

ETEC 13123 (56.5) 5123 (21.7) 1123 (4.3) 723 (30.4)
Campylobacter 4/10 (40.0) 2/10 (20.0) ND 10/10 (100.0)

7 All 10 resistant Salmoneila were S. typhimurium
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out diarthea were significantly older (mean age 42 monihs) than patients with diarthea
(mean age 18 months).

Analysis of epidemiologic data indicated that of patients with siools positive for ETEC,
a higher percentage (78 99) Iacked an indoor home water faucet compared to patients with
other causes of diarrhea (429%) and controls (21 %5; p<0.01, both comparisons). Because of
the possibility that a common form of water storage in clay pots {Zeirs) could be a source
of diarrheal pathogens, a random survey of 18 Zeirs located in areas where patients lived
was made | vear after the initial study. Numerous coliforms were identified in 10/18 Zeirs,
and in 2, ST producing E. coli were found.

There were no deaths during the study period, and none of the outpatients, who were all
ireated with oral rehydration therapy (ORT) as recommended by the World Health
Organization, later required hospitalization for diarthea or dehydration. This may have
been due in part to the fact that most patients with acute diarrhea presenzed without severe
dehydration because mothers frequently instituted ORT at home (25% of patients). Only
in salmonella-infected children did ORT instituted at home not appear adequate to prevent
dehydration (Table II).

DISCUSSION

Simiar enteropathogens were found in this population with diarrhea in southern Egypt as
have been found in northern Egypt (3, 4). ETEC was the most common bacterial pathogen
isolated, with Salmonella spp., Campylobacter, and Shigella less commonly found. Cryp-
tosporidium, an enteric pathogen which has only recently been looked for in Egypt, was
also found to be a potential significant cause of diarrhea in children (12, 13).

Although the control group was not strictly comparable to the diarrheal group, Giardia
was identified as frequently in controls as in cases of acute diarthea. G. lamblia has been
found in a high percentage of asymptomatic controls in other studies conducted in Egypt,
which suggests that infection with Giardia may not always cause acute diarrhea in this
population (3). The fact that rotavirus was also found equally as often in cases as in older
coatrols was contrary to the findings of previcus studies conducted in Egypt, but similar to
reports from other areas (3, 4, 14, 15). However, only 4 patients in the control group were
positive for rotavirus, making comparisons difficult.

Finding Salmonella spp. and Cryptosporidium more often in patients requiring hospital-
ization suggests that these 2 organisms may be more pathogenic than other causes of
diarrhea. Salmonella has previously been found to be a cause of fatal and potentially fatal
diarrhea in infants in Egypt (4). The role of Campylobacter as a cause of acute diarrhea, in
contrast, was less clear because it was isolated as a single pathogen in only 5/11 diarrheal
stools positive for Campylobacter. The frequent identification of Cryptosporidium and
Campylobacter together may indicate similar sources and methods of transmission, possi-
bly from infected animals (16).

Finding more patients in this study without a home water tap infected with ETEC
prompted a search for a common source of infection. Water is frequently stored for
household and community use in Aswan in large porous clay pots, Zeirs, covered by
loose-fitting wooden lids which allow for easy contamination. Usually located in front of
houses and along roads, Zeirs provide public drinking water kept cold by evaporation of
water through the sides of the porous pots. For people who do not have water piped into
their home and have to carry water from a community water tap, Zeirs may be a primary
source of water for houschold use. The isolation of ETEC in water storage jars, therefore,
suggests one possible source of diarrheal infection. Although causality could not be
demonstrated in this study, examples of waterborne outbreaks of ETEC have been
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reported, lending support to this possibility(17,-18). Altematively, the lzck of a home
water tap ‘may indicate a lower socioeconomic level and other risk factors for the
" acquisition of ETEC (14). e
The most gratifying finding of the study was th° higii -level of understanding and
practical use of orai rehvdration therapy by mothers of young children in Aswan: Mothers

of patients were not just aware of the benefits of ORT but were knowledgeable enough to-

request the-government supplied-rehydration packets and use them effectively. Mothe
were, in fact, so.knowledgeable about the benefits of ORT that many were unw:llmg to
wait for their child to produce a stool specimen because they did not see a need. This
demonstrates the progress that can be made in implementing public health measurés in
developing countries when a concerted effort is made to educate the public (19).
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which may have been due to frequent initiation of oral rehydration therapy (ORT) by mothers
trained by local health providers. A potential environmental source ot ETEC wag identified
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